Purpose This study was to investigate the effect of sodium selenite (SS) on in vitro maturation of mouse preantral follicles. Methods The isolated preantral follicles were cultured in TCM 199 medium supplemented with different concentrations (0, 5, 10, 15 ng/ml) of SS and 3 mg/ml bovine serum albumin (BSA) or 5% Fetal Bovine Serum (FBS). The ovulation was induced by addition of 1.5 IU/ml human chorionic gonadotropin. The size and development of follicles and oocytes were assessed by calibrated eyepiece. Results The survival rates of follicles in FBS supplemented groups containing 5 and 10 ng/ml SS (88.23%, 90.83%) were higher than other groups (P<0.05 and P<0.001 respectively). The mean diameter of follicles (199.84± 15.58 μm) and the percentage of MII oocyte (33.08%) were higher in FBS supplemented group containing 10 ng/ml SS (P<0.001). Conclusion The sodium selenite and FBS improve the in vitro growth and maturation of mouse preantral follicles.
Introduction
Many systems have been developed for in vitro culture and maturation of preantral follicles to studying the oogenesis, folliculogenesis and oocytes-somatic cell interactions and it has shown that the isolated follicles were cultured and matured successfully [1] [2] [3] [4] [5] .
The supplementations of the media with serum, growth factors, cytokines and hormones have improved the follicular maturation [6] [7] [8] [9] [10] [11] , e.g., previously Haidari et al. demonstrated that Leukemia inhibitory factor and coculture system synergize to promote optimal follicular growth in the fresh and vitrified preantral follicles [9] . Negar et al. showed that epidermal growth factors increased the in vitro maturation (IVM) and fertilization of goat cumulus oocyte complexes [11] .
During in vitro cell culture, the cells are maintained under higher concentrations of O 2 than those that occur in vivo and the free radicals are produced continuously in aerobic cells. The high levels of free radicals cause cells damage and loss of their function [12] . Moreover, in vivo cells are protected by defense systems or antioxidants that remove these agents to prevent oxidative damage [13] [14] [15] [16] [17] .
During in vitro culture and maturation of follicles, the development of follicles and subsequent embryo may be affected by the free radicals [18] [19] [20] and in this regard the investigators have been introducing the addition of appropriate antioxidant such as ascorbic acid and selenium [13] [14] [15] [21] [22] [23] [24] .
Selenium (Se) is an essential trace element that is necessary for the maintenance of various physiological processes [24] . In a cell culture system, selenium in the form of sodium selenite (SS) protects the cells from oxidative damage by reducing the production of free radical and inhibits lipid peroxidation [22] [23] [24] [25] .
Previous experiments showed that the presence of selenium as insulin-transferrin-selenium (ITS; at 5 nm/ml concentration) supplementation was support follicular growth and maturation of oocyte in vitro [26] [27] [28] .
In this regard Jeong et al. 2007 evaluated the effects of ITS in defined supplemented IVM media on the developmental competence of porcine oocytes and they showed that the addition of ITS during IVM improved the developmental competence of porcine oocytes [26] . According to our knowledge there is poor attention to usage other dosage of selenium to improvement of follicular development in vitro.
Fetal calf serum (FCS), fetal bovine serum (FBS) and bovine serum albumin (BSA) are the most common protein supplements of IVM media, however the controversially reports were published about their usage in follicular maturation media in different species [28] [29] [30] [31] .
Wright et al. showed the follicles were cultured for 10 days with human serum albumin and ITS were significantly larger, more developed and showed significantly less atresia than those cultured with serum alone [28] . In contrast Leibfried-Ratlegge et al. reported that addition of FCS to the medium increased the maturation of hamster and cow oocyte than BSA [31] .
Thus the purpose of this study was designed to evaluate the effects of different concentrations of sodium selenite on the development of preantral follicles in TCM-199 serumfree media and the other subject of the present study was the comparison between the BSA and FCS as different protein sources on the development of follicles in combination with SS.
Materials and methods

Chemicals
All the reagents were obtained from Sigma-Aldrich (Germany) unless otherwise specified.
Animals and collection of ovarian tissue 12-14 day-old female NMRI mice (n=15) were cared for and used according to the guide for the care and use of laboratory animals of university and housed under a 12-h light/12-h dark regime at 22-24°C, and 55% humidity.
Mice were killed by cervical dislocation and their ovaries were dissected free of fat and mesentery and immediately transferred to dissection medium, consisting of HEPES-modified Tissue Culture Medium (TCM 199) supplemented with 5% FBS (Gibco, UK), 100 IU/ml penicillin and 100 mg/ml streptomycin.
Experimental design
After mechanical isolation of 120-150 μm preantral follicles from fresh mouse ovaries (see Follicle Isolation and Selection), they were divided into two main experimental groups: BSA and FBS supplemented cultured groups then subdivided into control and different concentrations (5, 10, 15 ng/ml) of sodium selenite treated groups [32] .
Preantral follicle isolation
Preantral follicles from ovaries were isolated by mechanical dissection under a stereomicroscope, at ×10 magnification, using 29-gauge needles to ensure that follicular structure remained intact. Isolated follicles were selected according to the following criteria: (1) intact follicle with one or two layers of granulosa cells and some adhering theca cells; (2) visible, round and central oocyte and (3) follicle diameter between 120 and 150 μm. Then the isolated follicles were transferred to fresh culture medium.
In vitro culture of preantral follicles
Preantral follicles were cultured individually in a culture dish (35 mm Petri dishes) contain a 20 μl droplets of culture medium under detoxified mineral oil in a humidified atmosphere of 5% CO 2 in air at 37°C for 12 days.
The culture medium consisted of TCM-199 supplemented with 0.33 mM sodium pyruvate, 100 mIU/ml recombinant follicle stimulating hormone (rFSH or Gonal-f; Serono, Switzerland), 1% insulin (Gibco, UK), transferrin (Gibco, UK), 100 μg/ml penicillin and 50 μg/ml streptomycin. In culture media of two main experimental groups different concentrations of sodium selenite (5, 10, 15 ng/ml) with 3 mg/ml BSA or 5% FBS were added. The TCM-199 culture media supplemented with BSA or FBS and without SS considered as control group.
Every 48 h of culturing, 10 μl of culture medium from each drop was replaced by fresh medium. Measurement of follicle and oocyte diameter was assessed using precalibrated ocular micrometer at ×100 magnification on day 2 and 4 of culturing.
The survival rate of the follicles was checked by evaluation of follicle morphology under inverted microscope.
In vitro ovulation induction
At day 12 of culture final oocyte maturation and ovulation was induced by addition of 1.5 IU/ml human chorionic gonadotropin (hCG; Organon) to the media. Released oocytes were scored as germinal vesicle (GV), germinal vesicle breakdown (GVBD) when the GV was absent and as metaphase II (MII) when the first polar body was extruded. The proportion of GV, GVBD and MII was assessed 48 h after hCG addition in all groups of study.
Statistical analysis
The survival, degeneration and developmental rates and the antral formation of follicles were assessed by Tukey, ANOVA and follicular diameter analyzed by Means, ANOVA. P<0.05 was considered to be statistically significant.
Results
The morphology of the cultured isolated follicles was demonstrated on Fig. 1 . The follicles were immobilized by growing and adhesion of granulosa and theca cells (Fig. 1a-b) . The outgrowth of granulosa cells was irregular and also they had diffuse appearance. The antral cavities were seen as clear cavities within follicles (Fig. 1c) . After hCG supplementation the release of oocyte was took place (Fig. 1d) .
The diameter of cultured isolated preantral follicles
The diameter of preantral follicles in all groups of study was increased during in vitro culture and their data were summarized in Fig. 2 As results showed, the mean diameter of follicles which were cultured in FBS supplemented groups containing 10 ng/ml SS were significantly higher than other groups on day 4 of culturing (P<0.001).
The diameter of oocyte
The diameter of oocyte in all groups of study was increased during in vitro culture and their data were summarized in Fig. 3 . The diameter of ovulated oocyte derived from follicles that cultured in medium supplemented with different concentrations of SS (0, 5, 10, 15 ng/ml) and BSA were 69.30±4.43, 72.45±4.22, 75.95±3.93, 76.05± 4.16 micrometer and in FBS supplemented groups were 74.0±4.11, 77.07±3.87, 81.32±4.30, 76.13±5.72 micrometer respectively. As results showed, the mean diameter of oocytes which were cultured in FBS supplemented groups containing 10 ng/ml SS were significantly higher than other groups (P<0.01).
The survival rate of cultured follicles By day 12 of culture, the survival rates of isolated follicles cultured in medium supplemented with different concentrations of SS (0, 5, 10, 15 ng/ml) and BSA were 69.37%, 73.74%, 74.10%, 76.45% and that of follicles cultured in FBS supplemented media were 76.53%, 88.23%, 90.83%, 78.93% respectively (Table 1 ). There were significant Fig. 1 The morphology of mouse preantral follicles during in vitro maturation. The cultured isolated follicle on day 6 (a), day 8 (b) and day 10 of culturing (c). The oocyte ovulated of cultured preantral follicle 16 h after hCG administration (d). As the figure shows the granulosa and thecal cells outgrowth were prominent (Fig. 1a-b) and the antral cavities are seen as clear cavities (Fig. 1c ) Fig. 2 The follicular diameter (μm) of cultured preantral follicles in serum-free and serum supplemented media containing different concentrations of sodium selenite (ng/ml). a there was significant difference with other groups (P<0.001). BSA Bovine serum albumin, FBS fetal bovine serum, SS sodium selenite. The day on the figure showed duration after culturing and the first day of culturing was considered as day 0 differences between the survival rates of follicles were cultured in FBS supplemented groups containing 5 and 10 ng/ml SS with other groups (P<0.05 and P<0.001 respectively).
Antrum formation
Antrum formation was observed in follicles from day 8. The rate of antrum formation in follicles cultured in BSA supplemented media containing 0, 5, 10, 15 ng/ml SS were 19.38%, 21.88%, 23.89%, 20.78% and that of follicles cultured in FBS supplemented media were 24.35%, 29.57%, 30.83%, 27.08% respectively. There was no significant difference between groups ( Table 1) .
Rate of released MII oocyte
The rate of released MII oocyte in follicles were cultured in medium supplemented with different concentrations of SS (0, 5, 10, 15 ng/ml) and BSA media were 11.25%, 15.19%, 15.17% and 14.75% and that of cultured in FBS supplemented media were 16.01%, 27.76%, 33.08% and 16.67% respectively (Table 1 ). There were significant differences between the developmental rates of 5 and 10 ng/ml SS treated follicles cultured in serum culture system with others in each group (5 ng/ml, P<0.05 and 10 ng/ml, P<0.001).
Discussions
Successful oocyte maturation, fertilization and embryonic development depend on the coordination between growth and development of the ovarian follicle. Follicular growth and differentiation is a process characterized by morphological and functional changes that influenced by intra-and extra-ovarian factors [33] .
Follicular culture requires strictly defined culture media to sustain its viability and quality. Although several follicular culture media are now available, they do not provide optimal milieu and research focused on follicular culture improvement [6] .
Our results showed that during in vitro maturation of isolated follicles, the size and diameter of follicles and oocyte was increased in all groups. However follicles and those oocytes cultured in fetal bovine serum supplemented media containing 10 ng/mL SS were shown larger diameter than other groups. On the other hand, the growth of the oocytes and follicle was coordinated during culturing period. Also the survival rate of isolated follicles cultured Table 1 The development of cultured preantral follicles in serum-free and serum supplemented media containing different concentrations of sodium selenite (ng/ml) after 12 days There was significant difference with other groups in the same column (*P<0.05; **P<0.001) BSA Bovine serum albumin, FBS fetal bovine serum, SS sodium selenite, GV germinal vesicle, MI metaphase I, metaphase MП Fig. 3 The oocyte diameter (μm) of cultured preantral follicles in serum-free and serum supplemented media containing different concentrations of sodium selenite (ng/ml). a there was significant difference with other groups (P<0.01). BSA Bovine serum albumin, FBS fetal bovine serum, SS sodium selenite. Note: The day on the figure showed duration after culturing and the first day of culturing was considered as day 0 in fetal bovine serum supplemented culture media containing 5 and 10 ng/mL SS was higher than other groups. Our suggestion is that the effects of SS on the growth and survival of follicles and oocytes is dose dependent and it acts as proliferative and antioxidant factor.
In agreement with our results Basini et al. demonstrated SS stimulates the proliferation of bovine granulosa cells from small follicles [34] and Cavilla et al. showed SS promoted human oocyte growth during in vitro maturation [35] .
It was shown that SS prevents cell damage by reduce reactive oxygen species and inhibits lipid peroxidation [22, 23] .
Saito et al. showed selenium deficiency caused a significant increase in reactive oxygen species and peroxidation inside the cells. It is considered that seleniumdeficient conditions cause oxidative DNA damage that eventually leads to cancer formation [23] .
Uhm SJ et al. demonstrated that supplementation of porcine embryos culture media with SS at a concentration of 25 ng/ml significantly increases their developmental ability and reduces their apoptosis in vitro [36] .
The use of serum as a supplement in the IVM media for follicles seems to have controversial results because the substances of the sera varied from different sources and its component may have beneficial or harmful effects [28] [29] [30] [31] 37] . However, the other subject of the present study was the comparison between the BSA and FCS on the development of mouse preantral follicles in the presence of SS. Our results demonstrated that SS at 5 and 10 ng/ml concentrations when combined with FBS in follicular culture media had a beneficial effect on the in vitro maturation of mouse ovarian follicle than BSA. We suggest that FBS may contains hormones, growth factors, vitamins, peptides, proteins, and an antioxidant which effective to improvement of follicular development than defined BSA and this effect seems to be better shown when FBS supplemented with SS.
In agreement with our results Gigli et al. showed different concentrations of FBS alone were much less effective at maintaining follicular health and supporting the initiation and progression of follicular growth than ITS supplemented condition [16] . Also it was shown that additions of selenium in the form of ITS stimulated chorionic gonadotropin secretion in human blastocyst and relieve some of the inhibitory effects of FBS on primary cell culture and improved the developmental competence of porcine oocytes [26, 36] .
In contast Wright et al. showed follicles which cultured for 10 days with human serum albumin and ITS were significantly larger, more developed and showed significantly less atresia than those cultured with serum alone [28] . These results suggested that the effect of SS as a supplement in follicular in vitro maturation depends on culture media.
In conclusion, our results demonstrated that SS at concentrations of 10 ng/ ml in FBS supplemented media increases the maturation rate of mouse preantral follicles in vitro and additional analysis needs to understand its mechanism.
